Objective: To examine the impact of inter-provider care coordination on health-care resource utilization among elderly acute stroke patients. Design: A retrospective cohort study using health-care insurance claims data. Setting: Claims data of the Fukuoka Prefecture Wide-Area Association of Latter-Stage Elderly Healthcare. Participants: About, 6409 patients aged 75 years or older admitted for acute stroke and moved to rehabilitation wards from 1 April 2010 to 30 September 2015. Main outcome measure: Lengths of stay (LOS) and total charge (TC) were evaluated according to three groups of care pathways (coordinated care, integrated care and other pathways). Results: Compared with the other care pathway, the coordinated care groups had significantly shorter LOS of 2.0 days in acute ischemic stroke care; they had 2.5 days shorter LOS in hemorrhagic stroke care. However, there were no significant differences in rehabilitation care LOS and TC. Conclusions: Our findings suggest that a payment system for care coordination is inappropriate since it was not associated with a reduction in overall health-care resource utilization. Further, health-care system reform is necessary to improve care continuity across multiple health-care institutions in Japan.
Introduction
Internationally, stroke is one of the main causes of death: 6.7 million people died from the disease in 2012 [1] . In Japan, cerebrovascular diseases ranked as the fourth-highest cause of death in 2015, although there is a downward trend in mortality [2] . According to the Comprehensive Survey of Living Conditions, 2013, such diseases were the leading cause of long-term disability [3] .
Under the provisions of the Medical Care Act in Japan, government at the national and prefectural level is obliged to establish medical care plans and to develop a high-quality, effective health-care service delivery system [4] . Such plans specifically emphasize care for five diseases (cancer, ischemic heart disease, cerebrovascular disease, diabetes and psychiatric diseases), five areas of medicine (pediatric, perinatal, emergency, disaster and rural medicine) and home care; they are to be reviewed and modified every 5 years by prefectural governments. Following the fifth amendment to the Medical Care Act in fiscal year (FY) 2006, prefectural governments had to include care coordination and functional differentiation with respect to each of the five diseases and medical areas in their medical care plans.
In addition to the obligations of prefectural governments, medical institutions were also financially motivated under a uniform national fee schedule to promote care coordination toward providing healthcare more efficiently. The fee schedule was revised in FY 2006: a 'regional inter-provider care-planning fee' was introduced to cover femoral neck fractures [5] . That fee was extended to include cerebrovascular diseases in FY 2008. It requires for medical institutions to plan disease-oriented clinical care pathways among different providers.
The clinical care pathway, or critical pathway, constitutes a structured care plan for patients with particular diseases; the pathway includes information about treatment and treatment goals according to the stage of care or phase of disease. Such pathways have been widely used to improve care quality and financial outcomes by standardizing care [6] . Regional or inter-provider clinical pathways are extended types of clinical care pathways. One study has reported improvement in functional prognosis after 3 months through implementation of the Tyrol Stroke Pathway [7] .
Fujino et al. [8] investigated the impact of regional clinical pathways on the length of stay (LOS) among acute ischemic stroke patients in Japan; the authors reported that implementing a regional pathway was negatively associated with hospital LOS. Another study among patients who had undergone hip fracture surgery at three Japanese hospitals reported that initial acute-care hospitals achieved shorter LOS and reduced costs by implementing a regional pathway [9] . However, there was no reduction in overall costs, including care after discharge: costs were in fact higher because patients stayed in subsequent facilities longer or used more services. In one study, Fukuda et al. categorized seven hospitals into integrated care and coordinated care groups. The authors reported that the former group had significantly shorter LOS and lower health-care costs than the latter group; but there were no differences in mobility improvement [10] .
The effects of inter-provider care coordination on health-care resource utilization during post-acute care, however, remain unclear.
This area is especially important in providing continuous care and appropriate interventions for older patients according to the phase of disease toward achieving an earlier return to usual daily living. It is necessary, therefore, to evaluate the effects of inter-provider care coordination on improving the efficiency of post-acute care using a large database. In the present study, we followed elderly acute stroke patients to rehabilitation wards using a claims database; we clarified the impact of inter-provider care coordination on healthcare resource utilization among those patients.
Methods

Data source
This study was a retrospective cohort design that used claims data of the Fukuoka Prefecture Wide-Area Association of Latter-Stage Elderly Healthcare from FY 2010 to FY 2015.
Patient selection
The inclusion and exclusion flowchart is shown in Fig. 1 . We extracted the data for 35 507 insurance beneficiaries whose primary diagnosis, or dominant care resource use, was stroke according to the International Classification of Diseases, 10th revision (ICD10; codes: I60-63). We obtained the data for April 1, 2010 to September 30, 2015 from claims data of the Diagnosis Procedure Combination/Per Diem Payment System (DPC/PDPS). The DPC/PDPS is a payment system that has been adopted by almost all acute-care hospitals in Japan, and it is a case-mix patient classification system [11] .
In this study, we identified 9087 patients who moved to rehabilitation wards, including those where this involved transfer to a different hospital. From the identified eligible subjects, we excluded 106 insurance beneficiaries who had died during the follow-up period. We further excluded 2262 insurance beneficiaries who were admitted to rehabilitation wards or other types of wards after rehabilitation care. Individuals aged ≥75 years and those aged 65-74 years with a specific disability are eligible for Japan's Latter-Stage Elderly Healthcare System; we, therefore, excluded 300 insurance beneficiaries aged 65-74 years at first admission. We also excluded 38 insurance beneficiaries who spent >180 days on recovery rehabilitation wards. Finally, we included 6409 insurance beneficiaries as study subjects. This project was approved by the Ethics Committee of Life Science, Fukuoka Institute of Health and Environmental Sciences (No. 27-15). The need to obtain informed consent was waived according to the Ethical Guidelines for Medical and Health Research Involving Human Subjects in Japan because the study used a retrospective cohort and the data obtained were anonymized claims data [12] .
Study variables
We obtained data on subject characteristics, and the explanatory variables were as follows: care pathway, age, sex, consciousness levels on admission, ambulance use, acute-care hospital treatment, rehabilitation in rehabilitation hospital, complications and comorbidities, and admission FY. According to inter-provider care coordination, we categorized care pathways, which were the primary explanatory variables in this study, into three groups. We defined the subjects as follows: those with a regional care pathway as the coordinated care group; those who moved to rehabilitation wards within the same initially admitted hospitals as the integrated care group; and those who moved to other rehabilitation hospitals outside the regional care pathway as the other care pathway group. We categorized the subjects into three age-groups: 75-84, 85-94 and 95 years or older.
We divided the data into two disease categories based on ICD10 codes of primary diagnosis: ischemic or hemorrhagic stroke. We categorized subjects with ischemic stroke into three groups: cerebral thrombosis, cerebral embolism or other ischemic stroke. We classified subjects with hemorrhagic stroke into three groups: cerebral hemorrhage, subarachnoid arterial hemorrhage and subdural hematoma. Consciousness levels on admission were graded using the Japan Coma Scale (JCS) as follows: three-digit JCS codes, coma; two-digit, drowsiness; one-digit, confusion; and zero, normal level of consciousness.
Claims data contain information about all procedures, drugs and devices that have been indexed in the national fee schedule; the Ministry of Health, Labour and Welfare has assigned standard codes to each of them [13] . Using these records, we categorized subjects with ischemic stroke into several procedure groups: percutaneous thrombectomy; stent placement; carotid endarterectomy; other percutaneous procedures; and other surgical procedures (such as craniectomy). We classified hemorrhagic stroke patients as follows: endovascular coiling; and other surgical procedures. Other treatment variables in acute-care hospitals were recombinant tissue plasminogen activator (rt-PA) in ischemic stroke, mechanical ventilation, intravenous hyperalimentation, gastrostomy and early rehabilitation.
Payments for rehabilitation admission are almost always comprehensively covered inpatients rehabilitation fees in Japan; thus, we used an additional fee for holiday rehabilitation as a proxy variable for the extent of rehabilitation care. Patients with severe stroke sequelae are allowed longer hospitalization of up to 180 days in rehabilitation wards; accordingly, we defined subjects with ICD10 code F06.9 upon rehabilitation admission as having mental disorder owing to brain damage and dysfunction and to physical disease. In acute-care hospitals, we classified other complications and comorbidities based on ICD10 codes; we used the Charlson Comorbidity Index to evaluate their severity [14, 15] and categorized them into four groups: 0, 1, 2, 3 or higher [16] . Revisions of the fee schedule are implemented every 2 years, so we divided the FY of admission into three periods: 
Outcome measurement
We employed LOS and total charge (TC; US$1 = 100 yen) as measures of health-care resource utilization. Using LOS in acute-care hospitals and the number of charged days in rehabilitation wards, we divided LOS into two periods: acute care and rehabilitation care. Total hospital charges in Japan are determined according to a nationally uniform fee schedule. In this study, TCs included general care, surgical instruments, procedures, rehabilitation, and laboratory and imaging fees [17] .
Statistical analysis
We summarized the characteristics of the study subjects using frequencies and proportions for categorical variables and medians and interquartile ranges for continuous variables. We compared categorical variables between the groups using Pearson's chi-square test; the comparisons of continuous variables were made using the KruskalWallis test. We performed all statistical analyses using STATA for Windows, version 14.2 (StataCorp, College Station, TX, USA). A statistically significant level was set at 0.05.
We employed generalized linear models (GLMs) with a log-link function and gamma distribution to estimate the effects of an interprovider care coordination on health-care resource utilization and to adjust for other confounding factors. We used the exponential transformed coefficients of GLMs as a multiplicative effect to evaluate relative effects of the covariates; we reconverted those coefficients to the original units of health-care resources (days and US dollars) by estimating the marginal effects and 95% confidence intervals (95% CIs). Table 1 shows the descriptive characteristics of the subjects according to their care pathway. Of the 6409 subjects, 4557 (71.1%) had ischemic stroke and 1852 (28.9%) hemorrhagic stroke. With respect to care pathway, the numbers (proportions) of subjects were as follows: among ischemic stroke patients, 1671 (36.7%) in coordinated, 1213 (26.6%) in integrated and 1673 (36.7%) in the other care pathway group; among hemorrhagic stroke patients, 593 (32.0%) in coordinated, 445 (24.0%) in integrated and 814 (44.0%) in the other care pathway group. There were significant differences in median age and sex according to care pathway among ischemic stroke patients (P = 0.039 and P = 0.004, respectively); there were no significant differences among hemorrhagic stroke patients. With acute ischemic stroke care treatment, the proportions of percutaneous thrombectomy and rt-PA were higher in the coordinated care groups than in the other groups. Conversely, the proportion of subjects with holiday rehabilitation in the integrated care group was higher than in the other groups: coordinated, 1407 (84.2%); integrated, 1111 (91.6%); and other, 1441 (86.1%). The proportion of subjects with early rehabilitation in acute care was lower than in the other groups. The proportion of subjects admitted in later years tended to be higher in the coordinated care The median LOS for the coordinated care group was shortest for acute care among ischemic stroke patients. The median LOS for the integrated care group was even shorter than that for the other groups in recovery rehabilitation care and overall duration for both Table continued ischemic and hemorrhagic stroke patients. Similarly, the median for TC with the integrated care groups was the lowest for both ischemic and hemorrhagic stroke. Tables 2 and 3 show the results of GLM by care pathway for ischemic and hemorrhagic stroke. Compared with the other care pathway, coordinated and integrated care were significantly associated with shorter acute-care LOS: ischemic stroke-coordinated care, multiplicative effect, 0.94 (P < 0.001); integrated care, 0.88 (P < 0.001); hemorrhagic stroke-coordinated care, 0.93 (P = 0.003); integrated care, 0.91 (P = 0.002). However, only integrated care was associated with shorter rehabilitation and overall LOS: ischemic stroke-0.67 (P < 0.001) in rehabilitation; 0.72 (P < 0.001) in overall duration; hemorrhagic stroke-0.70 (P < 0.001) in rehabilitation; 0.76 (P < 0.001) in overall duration. Integrated care was also associated with a lower TC: 0.68 (P < 0.001) for ischemic stroke; 0.71 (P < 0.001) for hemorrhagic stroke.
Results
Descriptive statistics
Multivariate analyses
As evident in Table 4 , we reconverted the coefficients of the care pathways that appear in Tables 2 and 3 to the original units. The reconverted LOS for coordinated care, integrated care and the other 
Discussion
In this study, we found that the coordinated care group had a significantly shorter LOS in acute care; however, that group did not have a shorter LOS in recovery care and less TC in the overall care process. The integrated care group had both a shorter LOS in all phases and less TC. Our results are partially consistent with those of a previous study [8] , which reported that hospitals in Japan that administered regional clinical pathways had significantly shorter LOS for acute ischemic stroke. With the coordinated care group in the present study, we did not observe lower indices of health-care resource utilization other than LOS in acute care. These hospitals were highly specialized in acute stroke care, as coordinated care group showed the highest rates of ambulance use (68.5% for ischemic and 85.8% for hemorrhagic stroke) and rt-PA utilization. Furthermore, in addition to 'regional inter-provider care-planning fee', hospitals that adopt the DPC/PDPS receive additional financial incentives for contributing to regional health-care provision when they offer regional inter-provider coordination for stroke and cancer care. Thus, the coordinated care group was able to achieve shorter LOS in acute stroke care. Conversely, there are no financial incentives for shortening LOS in rehabilitation care: fees for service payment system are applied to rehabilitation hospitals. Moreover, compared to acute care under DPC/PDPS, there was the lack of standardization in rehabilitation care which were provided under the fee for service payment system. Toward vertically integrating their care, hospitals with both acute-care and rehabilitation beds could provide a standardized care across the acute and rehabilitation phase, while they could themselves control acute and rehabilitation LOS and make their management more efficient. Inter-provider coordination in health-care is closely associated with care continuity; thus, the Japanese Consortium for Healthcare Quality Improvement, which is composed of hospital associations and academic research groups, has advocated implementing a regional inter-provider care-planning fee as a quality indicator [18] . Furthermore, Bundled Payment for Care Improvement (BPCI), which is a linking payment for an episode of care, has been launched for several surgical procedures and diagnoses among Medicare beneficiaries in recent US health-care reforms. A recent study on the Medicare population admitted for lower-extremity joint replacement compared claims-based outcomes between BPCI-participating hospitals and propensity score-matched control hospitals [19] . The study reported that BPCI initiatives are associated with greater reduction in Medicare per-episode payments while maintaining quality of care. The authors concluded that the benefits mainly derived from greater reduction in Medicare payments for post-acute care facilities, such as skilled nursing facilities and inpatient rehabilitation facilities. The results of the present study suggest that separate payments for interprovider coordination were not associated with reduced overall health-care resource utilization. Thus, further drastic payment system reform would be necessary to promote effective interprovider coordination in Japan.
One strength of the present study is that we were able to capture almost all elderly patients who transited from acute stroke care to rehabilitation care in Fukuoka Prefecture: this was a large-scale population-based study that included almost every older subject in that prefecture [20] . We found that there are significant variations in healthcare resource utilization even among relatively homogeneous patients who could move to rehabilitation wards in separate phases of care.
However, this study has certain limitations. First, we were unable to obtain detailed information about severity of stroke and activity of daily living; thus, we did not evaluate improvement in patient mobility. Second, the study could not include patients who moved to post-acute care facilities other than rehabilitation hospitals, and it was unable to capture the transition to long-term care facilities. Finally, as the claims data did not include detailed information about rehabilitation care, therefore, we could not evaluate the rehabilitation care quality such as evidence based rehabilitation and these outcome. Therefore, it is necessary to collect more detailed information in rehabilitation hospitals, while further investigation is needed to assess the rehabilitation care quality and the long-term effects of inter-provider care coordination across the medical and long-term care phases.
Despite these limitations, the present study has important policy implications for the current health-care reimbursement system in Japan. Nevertheless both national and prefectural health-care policies put special emphases on functional differentiation and inter-provider coordination and associated financial incentives are provided, effective health-care resource utilization has not been achieved. Ideally, in terms of continuous care, inter-provider health-care provisions for the same patient with a particular condition should be seamless so as to deliver effective, high-quality care as though it were being provided within the same facility. However, the current reimbursement system in Japan is not likely to achieve such ideal performance as long as payments are made separately to individual institutions without an evaluation system. Therefore, policy makers thus need to establish a reporting system for collecting and analyzing information so as to reflect the results in health-care policies. Additionally, it is necessary for enabling the research across the health-care and longterm care systems to develop the large-scale patient level database with unique personal identifier in Japan, although it has already utilized for quality management and improvement initiatives in Denmark [21] . To evaluate long-term care resource utilization and its quality, governments should also encourage further investigations using electronic administrative data, including both health-care and long-term care insurance claims data. In conclusion, after adjusting for patient characteristics, we clarified that inter-provider care coordination in stroke treatment did not achieve efficient health-care resource utilization over all phases of care. To coordinate regional and inter-provider care, there is a need for further political guidance and financial incentives to be introduced in Japan. It is evident that there is a lack of an appropriate payment system and a rigorous audit or evaluation system for care coordination. There is a need to conduct further research in this regard. To create a health-care policy for more efficient, higherquality health-care provisions, it is urgently necessary to establish a political framework for evaluating the current status.
